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INTRODUCTION
The study of the problems related to mammary gland tumors is of special interest not only in human, but in veterinary medicine, as well. This being everyday more obvious by the increasing number of experimental studies which are carried out worldwide. Numerous experiments are performed in order to determine whether mammary neoplasms in bitches can be viewed as a model of mammary gland tumors in women. Animal models, especially dogs, are often selected due to their short life span and high number of possible focal points (ten mammary complexes), thus making bitches the ideal animal model for such comparative studies (Jelisijevic, 2003) .
Tumors of the mammary gland are the second most common tumor following skin tumors in bitches. According to the available data benign and malignant tumors are present with an almost equal incidence. Mammary gland neoplasms are mainly found in "middle aged" bitches, and are seldom diagnosed in bitches younger than 4 years, and are rarely present in males (Alenza et al., 2001; Misdorp, 2002; Novosad, 2003) .
The etiology of mammary gland tumors is still unknown, however great attention has been paid to the influence of steroid hormones on tumor genesis. The effect of geographical factors, age, radiation, breed and familiar predisposition, genetic factors, stem cells, viruses, oncogenes and growth factors have been extensively studied (Alenza et Monteros et al., 2003 Monteros et al., , 2005 .
In the last years the use of antibodies, which are able to mark specific antigens on normal and tumorous cells, is becoming more frequent. It is of great importance to follow up the expression of cytokeratin, vimentin, desmin, actin and S-100 proteins on cell lines originating from healthy and neoplastic mammary glands. The incidence of selected cytoskeletal elements helps in the determination of the histological type of tumor, particularly in cases where the studied cells are atypical.
During the studies which were carried out to determine the expression of the I and II group of intermediate filaments (IF) it was established that cytokeratins are expressed in tumor cells of epithelial origin (Aleksi}- Kova~evi} et al., 2002) . In the majority of both benign and malignant tumors myoepithelial cells are an important component. By immunohistochemical assays it was determined that myoepithelial cells transform via proliferating, spindling, changing into stellate and cartilaginous cells and by doing so they change the expression of citoskeletal proteins. In resting and proliferating myoepithelial cells, located on the luminal side of the basal membrane, a positive reaction to cytokeratin 19, vimentin and aactin was recorded (Griffey et al., 1993) . Spindle cells were weakly positive to cytokeratin 19 and a-actin, and strongly positive to vimentin and S-protein.
Stellate cells showed similar reactivity as spindle cells. The reactivity of chondroblasts was dependant on the degree of their differentiation. On the peripheral zone of the cartilage a weak positive reaction to a-actin and cytokeratin was recorded, while in the central zone was evident a strong positive reaction to vimentin and S-protein and a negative reaction to cytokeratin 19 (Destexhe et al., 1993; Gartner et al., 1999) . In general, all mammary gland fibrosarcomas are positive to vimentin, while adenoma, myoepithelioma, comedocarcinoma, complex carcinoma and osteosarcoma are positive to desmin and cytokeratin. In some of these tumors the expression of neurofilaments was present, as well (Hellemen and Lindgren, 1989).
One of the major setbacks of the application of pathohistological methods is the impossibility to determine accurately the origin of neoplastic cells in the tumorous tissue as they are often poorly differentiated. In our study immunohistochemical assays were performed in order to elucidate the origin of neoplastic cells.
MATERIAL AND METHODS
The study was carried out on 60 bitches treated at the Faculty of Veterinary Medicine in Belgrade. All bitches displayed clinically evident changes of the mammary gland. The age of the bitches was between 3.5 and 14 years. The breed of the observed bitches was not uniform, as by random choice in the experiment were included 20 mixed breed and 40 pure breed bitches, but of different breeds. The reproductive status of the studied animals was not consistent and it included bitches which did not have a litter, those which had only one litter and those which had two or more litters in their lifetime. From all the bitches, which were included in this research, tissue samples from more than one site of tumorous proliferates were taken surgically in order to obtain an objective estimation of the characteristics of the tumor.
The surgical procedures were carried out on bitches under dissociative anesthesia induced by ketamine (10 -20 mg/kg). In patients which had a well defined tumorous proliferate smaller than 1 cm nodulectomy was carried out, whilst on patients with mammary tumors larger than 1cm, with unclear margins a partial or complete mastectomy was performed. Cases, which involved the IV or V mammary complex, underwent complete mastectomy and extirpation of inguinal lymph nodes.
Tissue samples were fixed in 10% neutral formalin for 48 hours. For immunohistochemical studies the peroxidase-antiperoxidase (PAP) method was applied. Slices 5 µm thick were deparaffinised in xylol and rehydrated in a series of alcohol solutions. Endogenous peroxidase was blocked by 0.3% hydrogen peroxide in methanol, at room temperature for 30 minutes. The samples were than treated by protease (50 mg/100ml NaCl-PBS) at 37 o C for 5 minutes and than rinsed with ice-cold TRIS buffer (0.1M TBS, pH 7.8).
Preincubation in normal 10% rats' sera in TBS was done prior to addition of primary antibodies at 4 o C for 12-16 hours. Primary monoclonal anti-cytokeratin antibodies were used (monoclonal Maus-Anti-Human Cytokeratin -clone LP-34, and M0717, Dako) and Maus-Anti-Human Cytokeratin-pan (1017390, Boehringer), both diluted 1:20 in TBS.
Secondary antibodies produced by rats against mouse IgG were diluted at 1:100 in TBS, a PAP complex was diluted 1:500 in TBS. Secondary and tertiary antibodies reacted at room temperature for 30 minutes. Between incubations the preparations were rinsed with TBS.
The visualization of the reaction was finally achieved by a 10 minute incubation in 0.05% 3.3 diaminobenzidintetrahydrochloride (DAB) in 0.1M imidazole at pH 7.1. The contrast was obtained by Papanicolaou hematoxylin. The positive reaction was seen as a brown colored precipitate on cells with keratin filaments.
Pictures of the samples were taken on Olympus BX 41 microscope with a digital Olympus camedia C3030 camera.
RESULTS
After pathohistological examination, out of the 60 studied and operated bitches, in accordance to the WHO classification (Misdorp, 1999) , 39 malignant tumors, 17 benign tumors, 3 hyperplastic-displastic alterations and one chronic inflammation of the mammary gland were diagnosed.
Amongst the benign neoplasms the most common were mixed tumors (n=10) and adenomas (n=6). Hyperplasia of the mammary gland was diagnosed in two bitches, while chronic steatitis, fibrosis and complex adenoma were diagnosed as sporadic.
Expression of cytokeratins in benign mixed tumors was found on epithelial and resting myoepithelial cells, while absent on mesenchymal cells in the cartilaginous and bone tissues (Figure 1 ).
On all examined simple adenoma of the epithelial tissue expression of cytokeratins on neoplastic epithelial cells was evident. Resting myoepithelial cells in a simple myoepithelial adenoma were positive to cytokeratin, as well (Figure 2) .
Out of the 39 examined malignant tumors simple adenocarcinoma was the most common (n=17), followed by complex adenocarcinoma (n=12), carcinoma in mixed tumors (n=5), mucinous carcinoma (n=3) and one of each fibrosarcoma and osteosarcoma. Mucinous adenocarcinoma was diagnosed in three bitches older than 10 years. It is characterised by a high production of mucin, thus is classified as a secretory carcinoma. Neoplastic cells are stellate, triangular or have a dendritic shape. In the intercellular spaces basophilic mucin is present (Figure 4) . Immunohistochemical studies of this tumor have shown wide areactive zones of intercellular mucinous substance, while neoplastic cells expressed cytokeratin.
DISCUSSION
The exceptionally multivariate histological make up, the role of growth factors and hormones, as well as the changes in the genetic material are the main set-backs for the correct interpretation of mammary gland tumors in bitches. Considering the extreme complexity none of the currently used histological classifications cannot entirely satisfy the needs of clinicians, pathologists and pet owners. Hence, great efforts are put into finding accurate and safe diagnostic and prognostic methods which would aid in the solution of the existing problems.
Within this study the analysis of mammary tumors in bitches was carried out in accordance to the latest histological WHO classification (Misdorp, 1999) . The intention of the authors of the WHO classification was to give support to the formation of a unique nomenclature of mammary gland tumors in bitches. The WHO tumor classification gives a prognosis based upon the type and histological appearance of the tumor.
The ratio between malignant and benign tumors, the occurrence of different tumor types and hyperplasia identified on the studied samples are in accordance to the reports published by a number of authors (Bostock et al., 1986; Moulton 1990; Benjamin et al., 1999; Philibert, 2003; Zatloukal, 2005; Misdorp, 2002) . The small variations between our data are probably due to the differences in pathohistological criteria, selection of material and a relatively small number of samples of individual tumor types.
Immunohistochemical methods and monoclonal antibodies were of key importance for an objective estimation of tumors. In our study a different expression of cytokeratins on some cell populations in benign and malignant neoplasms has been established.
Cytokeratin clone -LP 34 marks keratin and is expressed on the epithelium of the normal mammary gland duct and resting myoepithelial cells, on simple adenoma, fibroadenoma and hyperplastic mammary gland. On the other hand, in complex adenoma, benign mixed tumors, complex carcinoma, tumors with tubulopapillar and solid growth type cytokeratin is expressed on epithelial The possibility of early metastasis detection by immunohistochemical assays and labeling of tumor cells in the blood and lymph vessels is of great importance (Destexe, 1993) . Immunohistochemical studies may indicate the origin of the tumor, specially the ones which are highly polymorph, when on the basis of pathomorphological and pathohistological findings, is difficult or impossible to accomplish an adequate classification and exact diagnosis.
Immunohistochemical assays exclude the possibility of subjective interpretation of histological findings, thus enabling an accurate diagnosis and classification, which are a must for a true prognosis and adequate clinical treatment of the affected animal.
